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1. Introduction 
Working in the heat involves large volumes of body water loss through sweating. 
Dehydration can occur relatively quickly if this water loss is not replaced through food and fluid 
consumption. Dehydration raises heat strain 1 and increases the risk of developing heat illness.2, 3 
Therefore accurately monitoring hydration status is an important aspect of informing work practices 
in the heat.  
Assessments of hydration status include techniques involving isotope dilution to estimate total 
body water, blood sample analysis for plasma osmolality, haemoglobin, haematocrit, and plasma 
volume, changes in body weight, and urine sample analysis for osmolality, specific gravity and 
colour.4, 5 Dilution techniques and blood sample analysis are costly, require technical expertise, have 
limited portability, and pose several concerns to individual safety, and are therefore not feasible for 
hydration assessment in an occupational setting. Currently only changes in body weight, and urine 
specific gravity and colour assessment are suitable for monitoring hydration status in the field or 
workplace setting. Body weight change is a simple and effective indicator of hydration status, 
provided that a well-hydrated body weight is known, and the weight of food and fluid intake and 
excretions can be accounted for.  
Measurement of urine specific gravity (USG) and urine colour (Ucol) are recommended to 
assess the hydration status of individuals in a field setting (either athletic or occupational) where other 
methods are prohibitive.5 Specific gravity describes the weight of a substance compared to the weight 
of an equal volume of distilled water. Distilled water has a specific gravity of 1.000, while urine 
specific gravity (USG) ranges between 1.005 – 1.035 6 Urine colour (Ucol) also reflects urine 
concentration, with pale yellow indicating dilute and dark yellow indicating concentrated urine.7 
Research has shown that USG rises with decreases in body weight due to sweat loss during 
dehydration exercise protocols and is lowered upon rehydration.8-10 The change in USG during 
exercise heat stress has also been found to significantly correlate with the change in total body water 
(r = 0.63).11 Research has found Ucol to become darker with losses in body weight.7, 8 
A challenge often imposed on occupational field research is the continuity of access to 
workers for the researcher team. For example underground and surface mine workers often work 
twelve hour shifts in restricted areas. The time delay between urine collection by the worker and 
analysis by the researcher, and the storage conditions of the sample during this time period, needs to 
be considered to ensure the viability of the urine samples. Over time, urine will show reduced clarity 
(due to solute crystallisation), increased alkalinity (raised pH), loss of ketone bodies and bilirubin, 
dissolution of cells and casts, and bacterial growth.12 It is foreseeable that these alterations may affect 
the accuracy and reliability of USG and Ucol measurements. Therefore the aim of this investigation 
was to determine if USG and Ucol are altered with a time delay from urine collection, and the effects 
of storage conditions on any alterations.  
 2. Methods 
The urine samples used in this study were collected from eleven healthy male security guards 
(aged 40.8 ± 8.6 years) during a study of heat strain in this workforce. This study received ethical 
approval from the Queensland University of Technology Human Research Ethics Committee. 
Participants provided a urine sample before starting work (Group A: n = 11), and again at the end of 
their shift (Group B: n = 8). Within two hours of collection samples were split into two containers and 
had USG and Ucol measured. The samples were then placed in different storage conditions. For 
Group A samples, the conditions included fridge and room temperature (air-conditioned, 22 °C), 
whilst Group B samples were split into fridge and room temperature (non air-conditioned, range 17 – 
35 °C). Fridge temperature for both groupings was 6 °C. Samples left in room conditions were 
enclosed in an insulated container. Following 24 hours storage in these conditions, USG and Ucol 
were remeasured.  
USG was measured using a digital refractometer (PAL-10s, ATAGO, Tokyo, Japan) and 
colour was compared to an 8 point urine colour chart, with values ranging from 1 (well hydrated) to 8 
(severely dehydrated) .7 USG was measured in duplicate and where these two measures differed, a 
third reading was taken. The most frequently occurring value was taken as the USG. A single 
unblinded investigator performed all the measurements of USG and Ucol. A digital weather meter 
(Kestrel 4000, Kestrel Weather Australia, Australia) was used to monitor the temperature of storage 
conditions. Data was logged once for stable conditions (air-conditioned room and fridge) and every 30 
minutes for non air-conditioned room conditions. 
USG and Ucol were treated as continuous variables and summarised as mean and standard 
deviation. The data was shown to be normally distributed as mean values were ± 10 % of the median 
and the range was approximated by ± 2 standard deviations. The reliability of USG and Ucol over the 
24 hour storage period was assessed by Bland and Altman’s 95 % limits of agreement analysis.13, 14 
This involves the calculation of the difference between baseline and 24 hour data (24 hr minus 
baseline) for each subject. The average of each subjects’ difference is termed the mean difference. 
The standard deviation and 95 % limits of agreement of the mean difference were also calculated. 
Finally, repeated measures analysis of variance was used to assess the differences in Ucol over time 
and between storage conditions. Significance was set at α < 0.05. 
 
3. Results 
At baseline there was no difference in USG or Ucol between samples to be stored in the 
fridge and those to be stored in room conditions (Table 1). The mean difference (and measures of 
variation) in USG and Ucol from baseline to 24 hours is also provided in table 1 for all storage 
conditions. A mean difference of “0” indicates that on average there was no change between baseline 
and 24 hour time points. The standard deviation of the mean difference shows the variation in the 
difference score between subjects. If the tests were to be repeated, it would be expected that the 
difference between baseline and 24 hours should fall between the lower and upper limit of agreement. 
As such closer limits of agreement indicate greater reliability. Table 1 reveals that there was little, if 
any, change in USG following 24 hours of storage in any of the conditions. In contrast, the data 
suggested that Ucol appeared to change over the storage period, and that the changes differed with 
storage conditions. As such a repeated measures ANOVA was performed. A significant interaction 
was observed between time and storage condition (group A: F = 12.564, p = 0.005; group B: F = 
14.913, p = 0.006).  
 
4. Discussion 
The conclusions of this study are as follows: 1) USG shows negligible change over 24 hours 
after collection under three storage conditions, and 2) Ucol changes considerably over 24 hours after 
collection and this alteration differs with storage conditions.  
A time delay of up to 24 hours was shown to have little effect on measurement of USG. 
Absolutely no change in USG was observed for urine samples stored in either a fridge or an air-
conditioned room for 24 hours (group A) (Table 1). For group B, only two samples showed a small 
change in USG over 24 hours. One sample showed a 0.001 decrease in USG in both fridge and room 
(non air-conditioned) conditions, suggesting that the difference in storage temperatures was not 
responsible for the change. Another sample showed a 0.001 increase in fridge conditions, but no 
change in room (non air-conditioned) conditions. Overall, there was very little change in USG over 24 
hours in any of the storage conditions, any changes observed were negligible. Therefore, USG can be 
measured accurately from urine samples collected by workers in restricted areas provided they are 
analysed within 24 hours of collection.  
Urine colour changed significantly over time and between storage conditions. Following 24 
hours storage, average Ucol was higher in room samples, and lower in refrigerated samples compared 
to baseline measurements. This finding was consistent in both group A and B. Some samples stored in 
fridge conditions became cloudy and opaque, which was responsible for the observed decrease in 
(lighter) urine colour. All samples in room conditions remained transparent, but most become 
noticeably darker. These observations are most likely the result of the changes taking place in the 
urine being left to stand. For example, cloudiness may develop from the precipitation of salts when 
urine is kept at room temperature or refrigerated.12 Also, the growth of bacteria in the sample may 
cause a darkening of its colour. Overall, urine colour appears to be unstable over a period of 24 hours, 
and the types of storage conditions potentially available in occupational settings are not suitable to 
maintain a stable urine colour over this time period. Therefore, urine colour does not accurately reflect 
hydration status if assessed 24 hours after the sample was collected.  
These findings have important implications for occupational health and safety professionals 
and athletic trainers. Measurement of urine specific gravity and urine colour are recommended for 
monitoring hydration status.5 At the time of collection (baseline) the values for Ucol relative to USG 
aligned with previous investigations of the relationship between these variables.7, 8 However, 
following 24 hours of storage, there was a change in Ucol that was not observed in USG. This 
suggests that the association between USG and Ucol is only valid at the time urine is collected. 
Therefore, if urine can be analysed immediately either field measure is appropriate, but if a time delay 
is unavoidable for practical reasons, only USG should be assessed. Further study should investigate 
the relationship between USG and Ucol over time in a larger sample of the population to shed light on 
the mechanisms for these disparate alterations, and to ensure the generalisability of these findings to 
the general population. 
Two limitations of the present study should be noted. Firstly, the study design did not 
compare the same urine samples in all three conditions (fridge, air-conditioned room, and non air-
conditioned room). This design did not allow for direct comparisons between room conditions (air-
conditioned and non air-conditioned). Secondly, the small sample size of the current study may have 
limited the power of statistical analysis. These issues should be addressed by future work in this area. 
 
Summary 
The aim of this investigation was to determine if USG and Ucol are altered with a time delay 
from urine collection, and the effects of storage conditions on any alterations. The results obtained 
indicate that USG is stable over a 24 hour time period in refrigerated, room, and warm (variable) 
conditions. In contrast, Ucol changes over time, and the direction of that change was dependent on 
storage conditions. As such Ucol does not provide a reliable indication of hydration status if the 
analysis is delayed from the time of collection.  
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Table 1: Summary of USG and Ucol for both groups at all time points and storage conditions. Mean difference and measures of 
variation are also presented.  
  
  
Baseline 
(mean ± sd) 
24 hours 
(mean ± sd) 
Mean 
Difference * 
SDa 
Upper 
LoAb 
Lower 
LoAb 
USG       
 Group A (n = 11)       
  Fridge (6 °C) 1.019 ± 0.006 1.019 ± 0.006 0.000 0.000 0.000 0.000 
  Air-conditioned room (22 °C)   1.019 ± 0.006 1.019 ± 0.006 0.000 0.000 0.000 0.000 
 Group B (n = 8)       
  Fridge (6 °C) 1.021 ± 0.006 1.021 ± 0.005 0.000 0.0005 0.0010 -0.0010 
  Room (17-35 °C) 1.021 ± 0.006 1.021 ± 0.005 -0.0001 0.0004 0.0006 -0.0008 
Ucol       
 Group A (n = 11)€       
  Fridge (6 °C) 4.0 ± 1.1 3.5 ± 1.0 -0.5 0.9 1.4 -2.3 
  Air-conditioned room (22 °C)   4.0 ± 1.1 4.8 ± 1.6 0.8 0.8 2.3 -0.7 
 Group B (n = 8) €       
  Fridge (6 °C) 3.9 ± 1.5 3.0 ± 0.9 -0.9 1.5 2.0 -3.7 
  Room (17-35 °C) 3.9 ± 1.5 4.8 ± 1.5 0.9 0.8 2.5 -0.8 
€ Significant interaction effect, p < 0.01 
* Difference calculated at 24 hr minus baseline for each subject. 
a SD - Standard Deviation of the mean difference.  
b LoA – 95 % Limits of Agreement. 
 
 
